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WKHRUHWLFDOO\VXSHULRUWRWKHVLPSOH[PHWKRGLQWKHFRPSXWDWLRQFRPSOH[LW\E\/*.KDFKLDQLQ+RZHYHULW
KDVQRWEHHQZLGHO\DSSOLHGWRWKHUHDOZRUOGDSSOLFDWLRQV7KHVHFRQGLVWKH³LQWHULRUSRLQWPHWKRG´GHYHORSHGE\
1.DUPDUNDULQZKLFKVHHPVWREHIDVWHUWKDQWKHVLPSOH[PHWKRGLQORFDWLQJDQRSWLPDOVROXWLRQIRUODUJH
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PHWKRGVKDYHEHHQFRQWLQXLQJSUDFWLFDOO\DQGWKHRUHWLFDOO\
$V HDUO\ DV  ' *DOH +: .XKQ DQG $: 7XFNHU QRWLFHG WKDW WKH EDVLF VWUXFWXUH RI /3 FDQ EH
PDWKHPDWLFDOO\H[WHQGHGLQWR³DOLQHDUPDWUL[SURJUDPPLQJSUREOHP´ZKLFKKDVEHHQZHOONQRZQDV³0&OLQHDU
SURJUDPPLQJRU0&/3´VLQFH¶V ,Q0&/3 WKHVLQJOHREMHFWLYH LVH[WHQGHG LQWRVHYHUDOREMHFWLYHVZKLFK
RIIHUVDKRSHIRUDGGUHVVLQJWKHSRVVLEOHWUDGHRIIVDPRQJWKHFULWHULDLQUHDOZRUOGSUREOHPV>@,Q0=HOHQ\
ILUVWO\SXEOLVKHGWKH0&/3EDVHGRQKLV3K'WKHVLVXQGHUJXLGDQFHDQGDGYLFHRI3/<X>@'XULQJWKHODVW
IRXUGHFDGHVWKH0&/3LQWKHRU\DQGDSSOLFDWLRQVKDVEHHQERRPLQJTXLFNO\
+RZHYHU WKHUHDUHPDQ\VLWXDWLRQVRIGHFLVLRQPDNLQJ WKDW WKHPDQDJHUVQRWRQO\VHHNVLPXOWDQHRXVFULWHULD
EXW DOVR LQWHQG WR FRQVLGHU DOO GHFLVLRQPDNHUV¶ SUHIHUHQFH IRU UHVRXUFH DYDLODELOLW\ HVSHFLDOO\ VRPH FULWHULD DQG
UHVRXUFH DYDLODELOLWLHV DUH FRQIOLFW ZLWK HDFK RWKHU ,Q  3 / <X DQG / 6HLIRUG REVHUYHG WKDW EHFDXVH WKH
REMHFWLYHFRHIILFLHQWVRIDSULPDOOLQHDUSURJUDPLVWKHFRQVWUDLQWOHYHORILWVGXDOSURJUDPE\WKHGXDOLW\WKHRU\
WKHPXOWLSOHFRQVWUDLQW OHYHOVFDQEHEXLOW LQWKHVWUXFWXUHRIOLQHDUV\VWHPOLNHPXOWLSOHFULWHULD7KHGXDOIRUPRI
0&/3MXVWVKRZVWKHVLWXDWLRQRIPXOWLSOHFRQVWUDLQWOHYHOVZKLFKPDNHVLWSRVVLEOHWRFRQVWUXFWPXOWLFULWHULDDQG
PXOWLSOHFRQVWUDLQWOHYHOOLQHDUSURJUDPPLQJ0&  /3<6KLREVHUYHGWKDWWKHFRQGLWLRQVRIVROXWLRQH[LVWHQFHLQ
/3FDQEHDSSOLHGWRWKDWRIYHFWRURSWLPL]DWLRQDQGPDWUL[RSWLPL]DWLRQLQSDUDOOHO0RUHRYHUKHKDGSURYHGWKDW
WKH GXDOLW\ RI OLQHDU PDWUL[ SURJUDPPLQJ DQG WKDW RI 0&  SURJUDPPLQJ DUH HTXLYDOHQW LQ WKH VHQVH WKDW WKHLU
UHVSHFWLYHIHDVLEOHVROXWLRQVDUHLQ³RQHWRRQHFRUUHVSRQGHQFH´>@
$VDQH[WHQVLRQRI/3DQG0&/30&  /3ZDVFUHDWHGQDWXUDOO\DQGZDVSURYHGWREHDQHIIHFWLYHSUDFWLFHIRU
RYHUFRPLQJ WKH GHFLVLRQ SUREOHPV ZLWK ERWK FRQIOLFWLQJ FULWHULD DQG UHVRXUFH DYDLODELOLWLHV >@ 7KH FRQFHSW RI
0&  /3KDVEHHQDWWUDFWLYHWRSUDFWLWLRQHUVDQGKDVEHHQIUHTXHQWO\DSSOLHGLQPDQ\UHDOZRUOGSUREOHPVVXFKDV
ILQDQFH DFFRXQWLQJ WHOHFRPPXQLFDWLRQV PDQDJHPHQW DJULFXOWXUDO SROLF\ PDQDJHPHQW LQIRUPDWLRQ V\VWHPV
SURGXFWLRQSODQQLQJGDWDPLQLQJDQGRLOILHOGGHYHORSPHQWSODQQLQJ0&  /3KDVEHFRPHDIRFDOUHVHDUFKLVVXHLQ
RSHUDWLRQV UHVHDUFK DQGPDQDJHPHQW VFLHQFH QRW RQO\ EHFDXVH LW UHIOHFWV WKH QDWXUH RIPRVW UHDOZRUOG GHFLVLRQ
SUREOHPVPRUHHIIHFWXDOO\EXWDOVREHFDXVHLWRSHQVXSDQHZPDWKHPDWLFDOWKHRU\IRUUHVHDUFKHUVDQGSUDFWLWLRQHUV
7KLV SDSHU DWWHPSWV WR SURYLGH D FRPSUHKHQVLYH DQG XSWRGDWH SLFWXUH RI 0&  /3 LQFOXGLQJ LWV FRQFHSWV
GHYHORSPHQWVRIWHFKQLTXHVDQGODWHVWDSSOLFDWLRQV:HZLOOHPSKDVL]HWKHUHODWHGUHVHDUFKDFKLHYHPHQWVLQWKHODVW
GHFDGHWRNHHSDEUHDVWRIWKHWLPHV$VIRUSUHYLRXVUHVXOWVRI0&  /3WKH\KDGEHHQGLVFXVVHGGHWDLOHGE\<6KL
>@7KLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQEULHIO\VNHWFKHVWKHIUDPHZRUNRI0&  /3SUREOHPVDFFRUGLQJWR
WKHLGHDWKDW0&  /3LVDQDWXUDOH[WHQVLRQRI/3DQG0&/36HFWLRQVXPPDUL]HVWKHH[LVWLQJPHWKRGVWRVROYH
0&  /3 SUREOHPV DQG VRPH VSHFLDO0&  /3 SUREOHPV 6HFWLRQ  GHSLFWV D SLFWXUH RI WKH DSSOLFDWLRQ VWDWXV RI
0&  /3 DQG VRPH SRWHQWLDO DSSOLFDWLRQ ILHOGV 6HFWLRQ  JLYHV VRPH FRQFOXGLQJ UHPDUNV DQG IXWXUH UHVHDUFK
GLUHFWLRQV
)UDPHZRUNRI0&  /LQHDU3URJUDPPLQJ
7KH /3 PRGHO FDQ RQO\ GHDO ZLWK WKH SURJUDPPLQJ SUREOHPV ZLWK D VLQJOH FULWHULRQ DQG D VLQJOH UHVRXUFH
DYDLODELOLW\ OHYHO ,QRUGHU WRVROYHSUREOHPVZLWKVHYHUDOFULWHULDDQGVLQJOH UHVRXUFHDYDLODELOLW\ OHYHOZKLFKDUH
IUHTXHQWO\HQFRXQWHUHGLQUHDOZRUOGWKH/3PRGHOKDVWREHH[WHQGHGDQGUHIRUPHGWRD0&OLQHDUSURJUDPPLQJ
+RZHYHUERWKWKHVHPRGHOVLPSOLFLWO\DVVXPHWKDWWKHUHLVRQO\DVLQJOHSHUVRQLQFKDUJHRIGHFLVLRQPDNLQJZKLFK
PD\QRWEH WUXHZKHQDJURXSRIGHFLVLRQPDNHUVVKDUH WKHUHVSRQVLELOLW\RIGHFLVLRQPDNLQJ([WHQGLQJDVLQJOH
GHFLVLRQPDNHUWRDPXOWLSOHGHFLVLRQPDNHUVVHWWLQJLQWURGXFHVDIUDPHZRUNRI0&  /3WRJURXSGHFLVLRQPDNLQJ
SUREOHPVJLYHQDVIROORZ
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ZKHUH [Q× LV WKH GHFLVLRQ YHFWRU T Q& × LV WKH FULWHULD RU REMHFWLYHV FRHIILFLHQW PDWUL[ GHQRWLQJ WKDW PD[LPL]H T
GLIIHUHQW FULWHULD VLPXOWDQHRXVO\ ( )LM P Q$ D ×= LV WKH UHVRXUFH FRQVXPSWLRQ PDWUL[ ' LV DP S× PDWUL[ WR VKRZ WKH
PXOWLSOHUHVRXUFHDYDLODELOLW\OHYHOVDQGHDFKFROXPQRI' LQGLFDWHVDFRQVWUDLQWOHYHO
:KHQWUDFLQJEDFNWRWKHPDWUL[RSWLPL]DWLRQSUREOHPZHGLVFRYHUWKHPDWKHPDWLFDOURRWRI0&  /3SUREOHPV
$FFRUGLQJWR*DOH.XKQDQG7XFNHUPDWUL[RSWLPL]DWLRQLVDQH[WHQVLRQRI/3IURPDVFDODUIRUPWRDYHFWRUIRUP
DQGIURPDYHFWRUIRUPWRDPDWUL[IRUP>@7KHVLJQLILFDQFHRIPDWUL[RSWLPL]DWLRQFDQEHVXPPDUL]HGDVWKDW
VFDODURSWLPL]DWLRQLH/3FDQEHH[WHQGHGWRYHFWRURSWLPL]DWLRQLH0&/3WKHQLWFDQEHIXUWKHUH[WHQGHGWR
PDWUL[RSWLPL]DWLRQRU0&  /3,QDGGLWLRQ WKHFRQGLWLRQVRIVROXWLRQH[LVWHQFHLQ/3FDQEHDSSOLHGWRWKDWRI
YHFWRURSWLPL]DWLRQDQGPDWUL[RSWLPL]DWLRQLQSDUDOOHO
6ROXWLRQDQG7HFKQLTXHVRI0&  /3
6ROXWLRQRI0&  /3SUREOHP
0DWKHPDWLFDOO\VSHDNLQJILQGLQJWKHLGHDOVROXWLRQWKDWVLPXOWDQHRXVO\PDNHVHDFKFULWHULRQEHRSWLPDOLVDOPRVW
LPSRVVLEOH+RZHYHUWKHWKHRU\RI0&/3DOORZVXVWRVWXG\WKHWUDGHRIIVLQWKHFULWHULDVSDFH7KHRSWLPDOVROXWLRQ
RI0&/3 LV LQWHUSUHWHG DV DQ HIILFLHQW RU QRQGRPLQDWHG VROXWLRQ WKDW LV WKH DFFHSWDEOH FRPSURPLVH RU WUDGHRII
EHWZHHQWKHPXOWLSOHFULWHULD7RFRQGXFWWKHWUDGHRIIDQDO\VLVRIPXOWLSOHFULWHULDZHRIWHQSXWDZHLJKWSDUDPHWHU
RQHDFKFULWHULRQXQGHUFRQVLGHUDWLRQ7KHUHIRUHWKHHIILFLHQWVROXWLRQLVDIXQFWLRQRIZHLJKWSDUDPHWHUV,QSUDFWLFH
LI WKH VHW RI HIILFLHQW VROXWLRQV LV LGHQWLILHG WKH GHFLVLRQ PDNHU PD\ FKRRVH WKH ILQDO VROXWLRQ IURP WKH VHW IRU
LPSOHPHQWDWLRQ
,Q DGGLWLRQ WR WKH WUDGHRIIV DPRQJPXOWLSOH FULWHULD WKHRSWLPDO VROXWLRQRI0&  /3SUREOHPPXVW UHIOHFW WKH
FRPSURPLVHRUWUDGHRIIVDPRQJWKHPXOWLSOHGLVFUHWHOHYHOVRIUHVRXUFHDYDLODELOLW\5HYLHZLQJWKH0&  /3PRGHO
WKHSRUWLRQ $[ '≤ LVQRWLQHTXDOLWLHVZKLFKVKRXOGEHYLHZHGDVDJLYHQVHWRIIHDVLEOHVROXWLRQV [ ZKHQHYHU $[ 
LVFRQWDLQHGLQWKHOLQHDUFRPELQDWLRQJHQHUDWHGE\WKHFROXPQVRI' 7KDW LV WRVD\ WKLV0&  /3PRGHOLPSOLHV
WKDW [ LVIHDVLEOHLI$[ OLHVLQDFRQYH[VHWJHQHUDWHGE\ ' 7KHUHIRUHZKHQLQWURGXFLQJWZRZHLJKWSDUDPHWHUVLQWR
WKHIRUPXODWLRQWKH0&  /3PRGHOFDQEHUHZULWWHQDV
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5HPDUN$EDVLV - LVDSULPDOSRWHQWLDOVROXWLRQ>@IRUWKH0&  SUREOHPLIDQGRQO\LI - LVDQRSWLPDO
EDVLVIRUVRPH >Ȗ  DQG =Ȝ  
*LYHQDEDVLV - IRUD0&  SUREOHPZHGHFRPSRVH Τª º−¬ ¼Ȝ &  WKHREMHFWLYHFRHIILFLHQWPDWUL[DIWHUDGGLQJ WKH
VODFN YDULDEOHV WR WKH FRQVWUDLQWV LQWR Τ Τª º− −¬ ¼% 5Ȝ & Ȝ &  ZKHUH Τ− %Ȝ & LV WKH VXEYHFWRUZLWK FROXPQ LQGH[ LQ - 
DQG Τ− 5Ȝ & LVWKHVXEYHFWRUZLWKQRFROXPQLQGH[LQ - 
'HILQLWLRQ*LYHQDEDVLV - IRUD0&  /3SUREOHP
L ( ) { }-Γ = > ≥Ȗ  % 'Ȗ  LVFDOOHGWKHSULPDOSDUDPHWHUVHW
LL ( ) ( ){ }-Λ = > ≥7 % 5Ȝ  Ȝ & % 5 &  LVFDOOHGWKHGXDOSDUDPHWHUVHW
LLL 7KHEDVLFVROXWLRQ ( )- = [ Ȗ % 'Ȗ LVIHDVLEOHLIDQGRQO\LI ( )-∈ΓȖ 
LY 7KHVROXWLRQ ( )-[ Ȗ LVRSWLPDOLIDQGRQO\LI ( )-∈ΓȖ DQG ( )-∈ ΛȜ 
Y *HQHUDOO\LYRI'HILQLWLRQLVFDOOHGWKHRSWLPDOLW\FRQGLWLRQ7KXVZHFDQFRQGXFWWKH0&  
VLPSOH[PHWKRGDQGWKH0&  LQWHULRUSRLQWDSSURDFK
6ROYLQJDOJRULWKPV
)LQGLQJDV\VWHPDWLFZD\WRLGHQWLI\DOOQRQGRPLQDWHGVROXWLRQVRYHUYDULRXVYDOXHVRI ( )Ȗ Ȝ LVQRWDWULYLDOWDVN
6LQFH0&  /3SUREOHP LV FRQVLGHUHG WREH DQ H[WHQVLRQRI/3DQG0&/3 LW LV HDV\ WR FRQVWUXFW0&  VLPSOH[
PHWKRGDVDQH[WHQVLRQRI0&VLPSOH[PHWKRG>@DQG0&  LQWHULRUSRLQWDOJRULWKPDVDQH[WHQVLRQRI0&
LQWHULRUSRLQW DOJRULWKP >@ LQ RUGHU WR IDFLOLWDWH FRPSXWDWLRQ RI0&  /3 %HVLGHV WKH WZR FODVVLF PHWKRGV IRU
VROYLQJWKHSURJUDPPLQJSUREOHPV<L+VLQ/LXDQG<RQJ6KLSURSRVHGDIX]]\OLQHDUSURJUDPPLQJPHWKRGZKLFK
ILQGVDSRWHQWLDOVROXWLRQE\VROYLQJDIX]]\OLQHDUSURJUDPLQ>@
,QDGGLWLRQZKHQ*%'DQW]LJDQG3:ROIHIRXQGDFHUWDLQVWUXFWXUDOSURSHUW\RI/3WKH\KDGGHFRPSRVHGWKH
SUREOHPLQWRDVHTXHQFHRIVPDOO/3SUREOHPVDQGFUHDWHGWKHGHFRPSRVLWLRQDOJRULWKP>@7KDWZLOOUHPLQGXVRI
DQDO\]LQJWKHFKDUDFWHULVWLFVRI0&  /3SUREOHPVWRILQGWKHSRVVLELOLW\RIVLPSOLILFDWLRQ0RUHRYHUWKHUHDUHVRPH
UHVHDUFKUHVXOWVZKHQFRPELQLQJWKHPRGHUQRSWLPL]DWLRQWHFKQLTXHVZLWKWKHWZRFODVVLFDOJRULWKPVLQ0&/3>@
+HQFHLWZLOOEHDIXWXUHGHYHORSLQJWUHQGWRFRPELQHPDQ\PRGHUQRSWLPL]DWLRQWHFKQLTXHVZLWKWKH0&  VLPSOH[
PHWKRGRU0&  LQWHULRUSRLQWDOJRULWKPWRJHWVRPHHIIHFWLYHVROYLQJWHFKQLTXHVRI0&  /3
0&VLPSOH[PHWKRG
7KHFUHDWLYLW\RI0&  VLPSOH[PHWKRGLVWKDWLWXVHVWKH/3VLPSOH[URXWLQHWRFRPSXWHWKHGDWD ( )&$' IRUD
QXPEHURIEDVHVDQGDSSOLHV'HILQLWLRQVDQGWRUHFRYHUWKHFHUWDLQUDQJHRI ( )Ȗ Ȝ IRUDJLYHQEDVLVVRWKDW
WKHEDVLVVDWLVILHVWKHIHDVLEOHDQGWKHRSWLPDOFRQGLWLRQV
7KHSURFHGXUHVRI0&  VLPSOH[PHWKRGDUHJLYHQDVIROORZV
6WHS*LYHQD0&  /3SUREOHPZLWK WKHGDWD ( )&$' FRPSXWH WKHEDVLV - ZLWKRXW ( )Ȗ Ȝ E\ WKHXVHRI WKH
IROORZLQJWDEOH
7DEOH7KH0&VLPSOH[7DEOHDX5HPRYLQJ ( )Ȗ Ȝ IURPWKHOHIWKDOIJHWVWKHULJKWKDOI
( )[ - ( )
[ -  5+6 ( )[ - ( )
[ -  5+6
,  % 5−  % 'γ−  ,  % 5−  % '− 
  7 7% 5& % 5 &λ λ− −  7 %& % 'λ γ−    % 5& % 5 &− −  %& % '−

6WHS   )LQG WKH SULPDO SDUDPHWHU VHW ( )-Γ DQG WKH GXDO SDUDPHWHU VHW ( )-Λ  ,I - LV D SRWHQWLDO VROXWLRQ ZH
UHFRUG - DVDQHOHPHQWRIϑ 
6WHS'HWHFWWKHHIIHFWLYHRUQXOOFRQVWUDLQWIRU ( )-Λ DQGWKHHIIHFWLYHRUQXOOFRQVWUDLQWIRU ( )-Γ 
6WHS8VHWKH0&  3LYRWLQJ3URFHGXUH>@WRSLYRWDQDGMDFHQWEDVLV . IURP - 
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6WHS 5HWXUQWR6WHSIRU . XQWLO WKHVSDFH ( )Ȗ Ȝ LVFRYHUHGE\WKHQXPEHURISDUDPHWHU&DUWHVLDQVSDFHVRI
WKHLGHQWLILHGSRWHQWLDOVROXWLRQV,WLVWKHVHWϑ WKDWZHZDQW
5HPDUN  6LQFH WKH0&  VLPSOH[PHWKRG SURYLGHV D VHW RI SRWHQWLDO VROXWLRQV IRU WKH GHFLVLRQPDNHUV LW
PHDQVEHWWHUIOH[LELOLW\
5HPDUN7KH0&  VLPSOH[PHWKRGPD\DOVRFRQIURQWVLPLODUGLIILFXOWLHVMXVWDVWKHVLPSOH[PHWKRGDQGWKH
0&VLPSOH[PHWKRG)RUH[DPSOHZKHQWKHSUREOHPVL]HLVYHU\ODUJHZHKDYHWRFRQVLGHUWKHFRPSOH[LW\RIWKLV
PHWKRGDQGWKHWURXEOHWRFKRRVHDSDUWLFXODUSRWHQWLDOVROXWLRQIURPDVHWRISRWHQWLDOVROXWLRQV
$QLQWHULRUSRLQWPHWKRGIRU0&/3
0&  LQWHULRUSRLQWDOJRULWKPILQGVDSRWHQWLDOVROXWLRQE\VROYLQJ S WKHQXPEHURIDYDLODELOLW\UHVRXUFHOHYHO
0&/3SUREOHPVYLDWKH0&LQWHULRUSRLQWPHWKRGDQGDFRQYH[FRPELQDWLRQRIWKHLUVROXWLRQV
0&  LQWHULRUSRLQWDOJRULWKP>@FDQEHJLYHQDVIROORZV
6WHS6SOLWWKH0&  SUREOHP(TLQWR S 0&/3SUREOHPVDVIROORZV
0D[ 
VW
   
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6WHS6ROYLQJWKHVH S0&/3SUREOHPVVHSDUDWHO\E\0&LQWHULRUSRLQWDOJRULWKP>@ZHFDQREWDLQ S HIILFLHQW
VROXWLRQV      S[ [ [ 
6WHS&RPELQHWKHVH S HIILFLHQWVROXWLRQV      S[ [ [ E\DFRQYH[FRPELQDWLRQPHWKRGLQWR [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5HPDUN7KHVROXWLRQREWDLQHGE\WKLVDSSURDFKLVRQHRIWKHSRWHQWLDOVROXWLRQVJDLQHGE\WKH0&  VLPSOH[
PHWKRG,WLVSRVVLEOHWRSURSRVHDUHYLVHG0&  LQWHULRUSRLQWDOJRULWKPWRDFTXLUHDOOSRVVLEOHSRWHQWLDOVROXWLRQV
5HPDUN:KHQ WKHGHFLVLRQPDNHUZDQWV WRJHWDSUHIHUUHGSRWHQWLDOVROXWLRQRUZKHQ WKHSUREOHPLVYHU\
ODUJH0&  LQWHULRUSRLQWDOJRULWKPLVDJRRGDOWHUQDWLYHRIWKH0&  VLPSOH[PHWKRG
6SHFLDO0&  /3SUREOHPVDQGWKHLUVROYLQJPHWKRGV
7KHUH DUH WKUHH NLQGV RI VSHFLDO 0&  /3 SUREOHPV WR EH FRQVLGHUHG 0&  LQWHJHU SUREOHPV 0&  WUDQVSRUW
SUREOHPVDQGIX]]\0&  SUREOHPV
6KLDQG/HHKDGGHYHORSHGDEUDQFKDQGERXQGSURFHGXUHWRVROYH0&  OLQHDUSURJUDPPLQJ0&  %,3LQ
>@7KHQWKH\KDGEXLOWDJHQHUDO0&  LQWHJHU/3DQGFUHDWHGDEUDQFKDQGSDUWLWLRQDOJRULWKP>@WRVROYH
LW LQZKLFK WKHGHFLVLRQYDULDEOH LVEUDQFKHGDFFRUGLQJ WR WKH UDQJHRISDUDPHWHU λ IRU WKHSRWHQWLDO VROXWLRQDQG
WKHQDJHQHUDO0&  LQWHJHUVROXWLRQLVLGHQWLILHGIURPSDUWLWLRQVRIWKHUDQJHRISDUDPHWHU γ 
7KHUH DUH WZR NLQGV RI0&  WUDQVSRUWDWLRQ SUREOHPV ZLWKLQ WKH IUDPHZRUN RI0&  OLQHDU SURJUDPPLQJ WKH
VWHDG\ RQH DQG WKH G\QDPLF RQH >@ ,Q RUGHU WR VROYH WKH VWHDG\ 0&  WUDQVSRUWDWLRQ PRGHO WKH WUDGLWLRQDO
QRUWKZHVW FRUQHU UXOH LV ILUVW DGRSWHG WR ILQG DQ LQLWLDO EDVLF IHDVLEOH VROXWLRQ7KHQ WKH0&  VLPSOH[PHWKRG LV
DSSOLHGWRORFDWHWKHVHWRIDOOSRWHQWLDOVROXWLRQVRYHUSRVVLEOHFKDQJHVRIWKHFULWHULDFRHIILFLHQWSDUDPHWHUDQGWKH
VXSSO\DQGGHPDQGSDUDPHWHUIRUWKH0&  WUDQVSRUWDWLRQSUREOHP$G\QDPLF0&WUDQVSRUWDWLRQPRGHODOORZVWKH
GLVWULEXWLRQWREHFDUULHGRXWWKURXJKVHYHUDOVWDJHVDQGLWVDOJRULWKPLVSURYLGHGEDVHGRQWKHPRGLILFDWLRQVRIWKH
DOJRULWKPRIWKHVWHDG\RQH
7KH EDVLF DVVXPSWLRQ LV WKDW ZKHQ WKH GHFLVLRQ PDNHUV GR QRW UHVWULFW WKHPVHOYHV RQ ILQGLQJ DQ DEVROXWHO\
RSWLPDO VROXWLRQ WKH VDWLVI\LQJ VROXWLRQ EHFRPHV VLJQLILFDQW &RQVHTXHQWO\ UHVHDUFKHUV SUHVHQWHG D IXQGDPHQWDO
DSSURDFK WR IX]]\0&  SUREOHPV >@ 7UHDWLQJ WKH0&  SUREOHP ZLWK IX]]\ RSWLPDO REMHFWLYHV ZH DSSO\ WKH
0&  VLPSOH[ PHWKRG WR ORFDWH WZR VHWV RI SRWHQWLDO VROXWLRQV IRU D PD[LPXP0&  SUREOHP DQG D PLQLPXP
0&  SUREOHPUHVSHFWLYHO\:LWKWKHVHWZRVHWVRISRWHQWLDOVROXWLRQVWKHUDQJHVRIWKHGHFLVLRQSDUDPHWHUV ( )γ λ 
DUHUHIRUPHGVRWKDWHDFKUHIRUPHGUDQJHUHVXOWVLQERWKWKHXSSHUDQGORZHUERXQGVRIWKHREMHFWLYHSD\RIIRYHUWKH
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FKDQJHVRI ( )γ λ ZLWKLQWKHUDQJH7KHQDPHPEHUVKLSIXQFWLRQLVFRQVWUXFWHGIRUHDFKRIWKHUDQJHV)LQDOO\IRU
HYHU\ UHIRUPHG UDQJHD IX]]\SRWHQWLDO VROXWLRQ LVGHWHUPLQHG LQ WHUPVRI WKHPHPEHUVKLS IXQFWLRQDQGDSULPDO
SRWHQWLDOEDVLV
$SSOLFDWLRQVRI0&  /3
,QDGGLWLRQWRWKHWKHRUHWLFDOUHDVRQVRIH[WHQVLRQVIURPWKH/3PRGHOWRWKH0&PRGHODQGWKHQIURPWKH0&
PRGHO WR WKH 0&  PRGHO WKHUH DUH WZR GHVFULSWLYH URRWV RI WKH 0&  PRGHO DV LWV DSSOLFDWLRQ SHUVSHFWLYHV
HFRQRPLFDQGDJURXSGHFLVLRQPDNLQJVLWXDWLRQ)ROORZLQJWKHWZRDSSOLFDWLRQURRWVWKHIOH[LELOLW\IHDWXUHRIWKH
0&  PRGHOIRVWHUVDJUHDWRISRWHQWLDODSSO\LQJILHOGV
8S WRQRZ0&/3PRGHO KDV IRXQG VXFFHVVIXO DSSOLFDWLRQV WRPDQ\ UHDOZRUOGSUREOHPV VXFK DV DFFRXQWLQJ
DJULFXOWXUDO SROLF\ ILQDQFH PDQDJHPHQW LQIRUPDWLRQ V\VWHPV SURGXFWLRQ SODQQLQJ WHOHFRPPXQLFDWLRQV
PDQDJHPHQW 7KHVH DSSOLFDWLRQV FDQ EH VXPPDUL]HG DV WZR PDMRU FDWHJRULHV  FODVVLILFDWLRQ DQG RSWLPL]DWLRQ
$WWHQGLQJWRWKH5HIVZHFDQXQGHUVWDQGKRZWKLVPRGHOSOD\DUROHLQWKHVHDUHDV,QUHFHQW\HDUVPDQ\
VFKRODUVKDYHUHVHDUFK LQWR WKHDSSOLFDWLRQVRI WKH0&QRQOLQHDUSURJUDPPLQJPRGHOV 6HH5HIVIRUPRUH
GHWDLOV$OWKRXJKWKHVHVWXGLHVDUHVWXFNLQWKHFRQYH[TXDGUDWLFIRUPWKH\DUHVWLOOXVHIXONLQGVRIH[SORLWDWLRQDQG
EHQHILFLDOIRUWKHIXWXUHUHVHDUFK
$V WKH H[WHQVLRQ RI0&/3PRGHO DQG E\ YLUWXH RI LWV RYHUZKHOPLQJ VXSHULRULW\ RI UHIOHFWLQJ WKH UHDOZRUOG
SUREOHPVPRUHHIIHFWLYHO\DOORIWKHVHDSSOLFDWLRQVRI0&/3PRGHODUHOLNHO\WRDQGVKRXOGEHFRPHWKHDSSO\LQJ
ILHOGV RI WKH 0&  PRGHO 1HYHUWKHOHVV IURP WKH VHDUFKDEOH OLWHUDWXUH ZH ILQG WKDW LW GLG QRW KDYH HQRXJK
DSSOLFDWLRQVDV WKH0&/3KDG%HIRUHVRPHRI WKHPDUHDSSOLFDWLRQVGULYHQE\DFDGHPLF LQWHUHVWV VXFKDV
RSWLPDOWUDGHRIIDQDO\VLVLQWUDQVIHUSULFLQJFDSLWDOEXGJHWLQJGDWDILOHDOORFDWLRQVLQLQIRUPDWLRQPDQDJHPHQWDQG
DJJUHJDWH SURGXFWLRQ SODQQLQJ 2WKHUV FRPH GLUHFWO\ IURP WKH UHDOZRUOG DSSOLFDWLRQV IRU H[DPSOH UXUDO
WHOHFRPPXQLFDWLRQ V\VWHPFUHGLW FDUGSRUWIROLRPDQDJHPHQW DJULFXOWXUHSROLF\PDNLQJ >@$OPRVWDOORI WKHVH
DSSOLFDWLRQV VKRZ WKH FODVVLILFDWLRQ IHDWXUH RI0&  PRGHO -XVW EHFDXVH RI WKLV0&  /3 KDV EHHQ DQ DOWHUQDWLYH
DSSURDFK WR GHDO ZLWK WKH FODVVLILFDWLRQ RU GLVFULPLQDQW SUREOHPV LQ GDWD PLQLQJ ZKLFK PLJKW RXWSHUIRUP WKH
FXUUHQWDSSURDFKHV IRUEXVLQHVVSUDFWLFH$IWHU WKHUHDUH VRPHQHZDSSOLFDWLRQ ILHOGV VXFKDVGDWDPLQLQJ
HVSHFLDOO\WKHFODVVLILFDWLRQSUREOHPLQFUHGLWFDUGVFRULQJ>@DQGWKHRLOILHOGGHYHORSPHQWSODQQLQJ>@
&RQFOXVLRQ
$FRPSUHKHQVLYHDQGXSWRGDWHUHYLHZRI0&  /3SUREOHPLVJLYHQLQWKLVSDSHUZKLFKLQFOXGHVWKHFRQFHSWV
GHYHORSPHQWVRIWHFKQLTXHVDQGODWHVWDSSOLFDWLRQVRI0&  /3DQGVRPHVSHFLDO0&  /3SUREOHPVDVZHOODVWKHLU
VROYLQJ DOJRULWKPV $OWKRXJK0&  VLPSOH[ PHWKRG DQG0&  LQWHULRUSRLQW DOJRULWKP FDQ VROYH PDQ\0&  /3
SUREOHPV HIIHFWLYHO\ WKH\ PD\ DOVR FRQIURQW VLPLODU GLIILFXOWLHV DV WKH VLPSOH[ PHWKRG DQG WKH LQWHULRUSRLQW
DOJRULWKP RI /3 DQG 0&/3 SUREOHPV 7KXV IXWXUH VWXGLHV PD\ LQFOXGH GHYHORSLQJ PRUH HIIHFWLYH VROYLQJ
DOJRULWKPV E\ FRPELQLQJ PRGHUQ RSWLPL]DWLRQ WHFKQLTXHV ZLWK WKH0&  VLPSOH[ PHWKRG RU0&  LQWHULRUSRLQW
DOJRULWKPDQGEURDGHQLQJLWVDSSOLFDWLRQDUHDVRI0&  /3RUH[WHQGLQJ0&  /3WRWKHTXDGULF0&  SURJUDPPLQJ
RUELOHYHO0&  SURJUDPPLQJ
$FNQRZOHGJPHQWV
7KH DXWKRUV DUH JUDWHIXO IRU ILQDQFLDO VXSSRUW IURP6FLHQWLILF5HVHDUFK )XQG RI 6LFKXDQ3URYLQFLDO (GXFDWLRQ
'HSDUWPHQW=$³5HVHDUFKRI,QWHOOLJHQW3UHGLFWLYH&RQWURO7KHRU\DQG,WV$SSOLFDWLRQ0HWKRG´


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5HIHUHQFHV
.DQWRURYLFK/9$QHZPHWKRGRIVROYLQJVRPHFODVVHVRIH[WUHPDOSUREOHPV'RNODG\$NDG6FL8665
&KDUQHV$DQG&RRSHU::0DQDJHPHQW0RGHOVDQG,QGXVWULDO$SSOLFDWLRQVRI/LQHDU3URJUDPPLQJ,DQG,,-RKQ:LOH\
'DQW]LJ*%/LQHDU3URJUDPPLQJDQG([WHQVLRQV3ULQFHWRQ3UHVV3ULQFHWRQ1-
<H<<.DUPDUNDU¶V$OJRULWKPDQGWKHHOOLSVRLGPHWKRG2SHUDWLRQV5HVHDUFK/HWWHUV
.DUPDUNDU1.$QHZSRO\QRPLDOWLPHDOJRULWKPIRUOLQHDUSURJUDPPLQJ&RPELQDWRULFD
$GOHU,1..DUPDUNDU0*&5HVHQGHDQG*9HLJD$QLPSOHPHQWDWLRQRI.DUPDUNDUDOJRULWKPIRUOLQHDUSURJUDPPLQJ0DWKHPDWLFDO
3URJUDPPLQJ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